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Summary 
In order to obtai日furtherinformation on the mode of cel wall formation during the life cycle of the 
budding yeast Saccharomyces ceγevisiae， the carbohydrate metabolisms during vegetative growth， sporu. 
lation， and germinatio日 wereexamined by detecting changes in the synthesis and degradation of the cel 
wall polysaccharides and s-glucanase activities. Firstly， the author examined the change" of the composi. 
tion of the cel wall polysaccharides during vegetative growth using cel wall samples prepared from 
large-and small-sized cells obtained by fractionat問 1of baker's yeast. To compare s-glucanase activi. 
ties， cel wall samples and celトfree巴xtractsprepared from large-and small-sized cells obtained by 
fractionation of S. cerevisiae FE-l were used. Secondly， the author examined the change of the composi. 
tion of the spore wall polysacch昌ridesprepared from the sporulated spheroplasts of S. ce陀visiaeFE-l 
duri時 thespor山 tion.s-Glucanase activities in the spore wall samples and the cell-free extracts of the 
sporulating cells were also examined. Thirdly， the author examined the change of the composition of the 
cel wall polysaccharides prepared from the germinated and outgrown cells during germination and out. 
growth of ascospores of S. ce陀仇siaeFE-1. s-Glucanase activities in the germinated and outgrown cel 
wall samples and the cell-free extracts of the germinated and outgrown cells were also examined. 
s-l， 3-Glucan constitutes the major component of the wall of vegetatively grown cells， sporulated 
cells， and germinated cels. Especially， alkali-insoluble glucan preparation from the walls' oflarge-sized 
cells of baker's yeast consists of about 76% of a linear s-l， 3-g1ucosidic linkages and the amount is 
greater than in the other glucan preparations. It seems likely that the alkali-insolubility of the glucan 
preparation is not only dependent upon the annular structure of the bud scar regions， but also upon glu. 
cosamine polymer in the lateral wall. In the life cycle， the duration of the periods of decreases and in 
creases of the glucan was in agreement with that of the activity of 1， 3-s-glucanase. Moreover， signifi. 




sporulation， especially， at the time of completed sporulation， indicate that the glucanase may be contri 
buted to germination 
s-1， 6-Glucan is most abundant in the spore wall (about 7 %) . A rapid decrease of the large 
amount of the glucan occured during germin;抗ion.It is suggested that the glucan is re-utilized during 
outgrowth， serving as a source of energy or carbon， or both. The walls of large-sized cells have a 
smaller amount of the glucan 0.6%) than those of small-sized cells (2.7%). Exo-βglucanase which hy-
drolyzes pustul回収-1，6-glucan) is present in very high levels in the spore wall during the early phase 
of sporulat剛1.It seems that the glucanase may be concerned with degradation of s-1， 6-g1ucan in .the 
spore wall. However， endo-1， 6-s-glucanase should be included in the spore wall， since the major com 
ponent of the glucan has a branched structure， containing small amount of s-1， 6-g1ucosidic interchain 
linkages. It was not confirmed whether the glucanase is present or not in the spore wall 
The yeast glucan is not composed of mixture of s-1， 3-and s-1， 6-g1ucan for the individual compo-
nents of walls during vegetative growth and sporulation， but it is heterogeneous and composed of two 
different components， a lightly branched s-1， 3-g1ucan as the basal structure and a linear s-1， 6-gluco-
sidic linkages containing certain sequences ofβ-1， 3-g1ucosidic linkages as the interchain structure 
However， the glucan of the cell walls seems to differ from that of the spore walls in having the inter. 
chain structure and also in the activities of glucanases for the wall metabolism 
Mannan accounted for 40% each of the cell walls obtained from large-and small-sized cells and the 
differences of the structure between both of the cell walls is not detected. However， spore walls con-
tained a very small amount of mannan (3.3%). The mannan is synthesized rapidly to reach the constant 
contents of the cel walls at shorttime during outgrowth of spores， nevertheless the nature of the man-
nan seems to differ from that of vegetative cells 
Most of the chitin is localized in the bud scars of the large-sized cells during vegetative growth and 
of the outgrown cells during outgrowth. Glucosamine polymer， perhaps， chitosan， which is present in the 
lateral walls of vegetatively grown cells， may keep the structure of alkali-insoluble glucan and the cellu-
lar shape of the cells. In sporulated cells， chitosa 
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出芽で行う菌類"と定義されており 1) 形態形成の研究 ける細胞壁構成多糖の変動を調べた.
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の細胞壁多糖である pグルカン， α マンナン及びキチ







































コートした ChromosorbW A W を充填したステンレス
カラム (3，000X 4 mm)を用い， 150.Cから230.Cまで 1分
当り 3.Cの昇温で、行った.全糖量は，フェノール 硫酸
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法制，還元糖量は， DNPA 法27) グルコサミン含量
は， Elson-Morgan変法28) 蛋白質は， Lowryら29)の方
法，全窒素は， ミクロケルダール法，全リンは， Fiske 
Subarrow法30) 全脂質は， Bartnicki -GarciaとNickerson31)
の方法に従って決定した.ペーパークロマトグラフィー
による単糖及びオリゴ糖の分離分析は，東洋漉紙 No









Fig. 1-l. Fractionation of Cell Wall Polysaccha 


























mgを蒸留水 10mlに懸濁し， KBH4 30 mgを加え，室温
に24時間放置後，さらに同量の KBH4を加え 3時開
放置し完全に還元した後，過剰の還元剤は酢酸で分解
した. pH 5.5に調整した還元 s-グルカンを 0.1N 




































細菌 Acinetobacterspのエンド 1ー，6β グルカナーゼ(EC
3. 2. 1. 75)を得た25) エン ドー l，6-sー グルカナーゼの取
得方法は，Acinetobacter sp. を 1-1iterに 10g (湿重量)








Table 1-1. Summary of the Purification of Endo-1， 6-s-Glucanase from Acinetobacter sp. 
Total Total Specific 
Vol. activity protein activity Purification Recovery 
(ml) (units) (mg) (units/mg (fold) (%) 
Step* protein) 
I 3730 3521 1604.0 2.2 1.0 
E 71 1979 164.7 12.0 5.5 56.2 
田 44 676 26.4 25.6 11.6 19.2 
町 120 458 2.0 229.0 104.1 13.0 
V 20 384 1.6 240.0 109.1 10.9 
*， Step 1 : culture filtrate; step n : 60%(NH4)zS04 precipitate， dialyzed; step m : DEAE-cellu 
lose eluate， 60% (NH4)2S04 precipetate， dialyzed; step N : DEAE-Sephadex eluate; step V : 
Sephadex G-150 eluate. 
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したエンドー1，6-sー グルカナーゼで消化する場合は， 40 
mlの 0.017Mリン酸緩衝液(pH5.5)に懸濁し， 0.17 mg 
の精製酵素(Table1-1， Step V)を加えた.Zymolyase 20 







β グルカンのメチル化は箱守法41 ) により行った • s-







験管に入れ， 2 Nメタノール塩酸 1mlを加え，窒素置









ナン標品 50mgを酢酸 1ml，無水酢酸 1ml及び硫酸
0.1 mlの混合溶液に加え， 30'Cで r マンナンが可溶化


















活性は 10mgの酵母マンナンと適当量の酵素液を 4ml 
の 0.017M リン酸緩衝液(pH7.0)に懸濁し， 30'Cで2
時間反応させ，生成した還元糖量を測定して求めた. 1 
単位は 1分間に 1mgのマンノース相当量の還元糖を
Table 1-2. Summary of the Purification of 1，2-α-Mannosidase from Ac仰 etobactersp. 
Total Total Specific Recovery 
Vol. activity protem activlty Purificatio日 (%) 
(ml) (units) (mg) (units/mg (fold) 
Step 本 protein) 
I 3730 7639 1604.0 4.8 1.0 
E 71 3957 164.7 24.0 5.1 51.2 
国 44 1577 26.4 59.7 12.8 20.6 
N 60 186 1.1 163.2 34.4 2.4 
V 25 180 1.0 183.7 38.7 2.4 
*， Step 1 : culture filtrate; step n : 60%(NH4lzS04 precipitate. dialyzed; stap m : DEAE-cellu 
lose eluate. 60%(NH4)2S04 precipitate， dialyzed; stap N : DEAE-Sephadex eluate; step V : 
Sephadex G-150 eluate. 
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生成する酵素量とした.比活性は蛋白質 1mg当りの活
性単位として示した.得られた酵素は， Man (α 1-2) 
Man及び Man(α1-2) Man (α1-2) Manに作用し，マン
ノースを生じるカf，Man (α1-3)Man(α1-2)及び Man(α




キチンのー特異的蛍光染色剤 Brightener28 (disodium 4， 
4'-bis [4-anilino-6 bis (2-hydroxyethyl) amino-s-triazin-









従った.襟品 20mgを 50mlの蒸留水に懸濁し，20ml 
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Cells (%) 
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Fig. 1-2. Cel Size Distribution of the Original (A 
and D)， Small (B and E)， and Large Cels 
(C and F) of Baker's Yeast (A，B and C) 
and S. cerevisiae FE-1 (D，E and F) 
Cel size measurement on photomicrographs was 
made with more than 300 cels. 
に示した.パン酵母より得られた小型細胞は，長径 4.5
μm未満が90%以上，大型細胞は，長径 4.5μm以上が



















Fig. 1-3. Electron Micrographs of Cell Wall of 
8aker's Yeast. 
Cell wall material was shadowed with chromium 
vapor and viewed with a JEM-T6S electron micro. 
scope， Japan Optics Laboratory， Japan， at50 KV 
A : Cell wall from small cell. 




















Table 1-3. Chemical Composition of Cell Wall Samples. 
Values are expressed as % dry weight of cel walls. 
Cell wall sample 
Original Small Large 
Component a b a b a 
Glucose 40.5 30.0 38.8 20.8 41.2 
Mannose 42.2 36.0 40.7 31.6 43.1 
Glucosamine 2.1 2.3 0.62 0.57 3.0 
Total nitrogen 2.0 nd 2.4 nd 2.0 
Protein 12.2 15.6 12.8 15.9 10.2 
Total lipid nd nd 7.4 nd 7.7 
Total phosphorus 0.32 nd 0.33 nd 0.33 
a， 8aker's yeast; b， S. cerevisiae FE-l; nd， not determined. 
Table 1-4. Distribution of Glucose and Mannose in Cell Walls of 8aker's 
Yeast by Using Hot Alkali and Acid Extraction. 
Values are expressed as % dry weight of cel walls. 
Small cel wall Large cel wall 
Fraction Glucose Mannose Glucose Mannose 
Soluble in 
hot lN KOH 26.1 33.6 19.2 34.3 
hot 2N H2S04 0.4 trace 0.4 trace 
Residue 2.4 0.0 12.4 0.0 











Table 1-5. Mannan and Glucan Content of Cell Walls from Small and Large 
Cells. 
Values are expressed as % dry weight of cel walls. 
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a， Alkali extract ; b， citrate extract ; c， insoluble residue by extraction with 
2N HZS04; d， insoluble residue by extraction with 0.5N CH3COOH. 
[A 
た.
Fig. 1-4. Electron Micrographs of Alkali- and 
Acid-Treated Cell Wall of Baker's Yeast. 
Electron microscopic observation was carried out 
as shown in Fig. 1-3 
A : Cell wall from smal cel treated with 1 N KOH 
at 100'C for 30 min 
B : Cell wall from large cel treated with 1 N KOH 
at 100"C for 30 min. 
C : Alkali-treated cel wall from smal cel (A) 
treated subsequently with 2 N HZS04 at 100'C 
for 20 min. 
D : Alkali-treated cel wall from large cel (B) 
treated subsequently with 2 N HZS04 at 100'C 
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Table 1-6. Carbohydrate Composition of Glucan Preparations. 
Values are expressed as % dry weight of glucan preparations. 
Sol u ble gl ucan fraction Insoluble glucan fraction 
Cell wall from 
Small Large Small Large 
cells cells cells cells 
Composition a b a b 
Glucose 69.8 69.8 77.2 61.4 71. 9 62.2 
Mannose 5.0 3.7 0.0 0.0 0.0 0.0 
Glucosamine 0.9 0.9 5.9 10.3 15.9 17.4 




























重合度を得た.さらに，これらの β グルカン中に，s 
-1， 6ー グルコド結合の存在を確かめる目的で，Acineto. 











(Table 1-7).エン ド 1，6β グルカナーゼにより分解さ
Table 1-7. Degree of Polymerization of Glucan Preparations. 
Soluble glucan fraction Insoluble glucan fractio日?
Small cells Large cells Smal cells 
I a 360 310 
H a 950 740 
b 360 nd 
1 : According to the method of Misaki et al.36) 








a， Original glucan; b， insoluble polysaccharide obtained after endo-1， 6-s 
glucanase treatment. 
*， Extraction with O. 5N CH3COOH. nd， Indicate not determined. 
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Fig. 1-5. 8io-Gel P-2 Column Chromatography of 
Hydrolyzate of 8aker's Yeast Glucan by 
the Actioh of Endo-l.6-s-Glucanase 
A : Time-course hydrolysis of glucan. Arrow indi-
cates the boost of enzyme. Extent of hydrolysis 
was expressed as percentage of reducing sugar 
determined as glucose to total glucan mg in the 
reaction mixture. O. insoluble glucan; •• solu. 
ble glucan. 
8 : The reaction was carried out as shown in Table 
1-8. The hydrolyzate (10 ml of insoluble glucan 
solution and 5 ml of soluble glucan solution) 
shown in Table 1-8 was applied onto a column 
(2 X 200 cm) and eluted with water at a f10w rate 
of 4 ml/hr. 2-ml fractions were collected. Vo. 
yoid yolume determined with blue dextran: Gl 
glucose; G2. gentiobiose;一一一.insoluble glucan; 
ーー ー.soluble glucan. 
Table 1-8. Action of Endo-l. 6-s-Glucanase from Acinetobacter sp. on 
Alkali-soluble or Alkali-insoluble Glucans. 
A 40 ml reaction mixture contained 50 mg of alkali-soluble or 
alkali-insoluble glucan preparations and 0.17 mg of enzyme protein in 
0.017M phosphate buffer (pH 5.5). Incubation was carried out at 30'C . 
After 24-hr incubation. solubilized carbohydrates determined with 
DNPA reagent (reducing sugar) and phenol-sulfuric acid reagent (total 
sugar) using glucose as standard. 
Alkali-soluble glucan 
from small cel wall 
Alkali-insoluble glucan 


























F-1 (1， 6-s) (フラクション No.58-78)の平均重合度は
Mannersら37)の方法で測定した結果，いずれも約30
(Table 1-9)であった.エンドー1，3-sー グルカナーゼの活


































Table 1-9. Action of Zymolyase on Polysaccharide Fraction of Acinetobacter 
sp. Endo-1， 6-s -Glucanase Hydrolyzates of Alkali -soluble or 
Alkali-insoluble Glucan Fraction. 
A 4-ml reaction mixture containing 5 mg F -1(1 ，6-s) fraction shown in Fig. 
1-5A and 1 mg Zymolyase in 0.2 M Tris-maleate buffer (pH 7.0) was 
incubated at 30.C. The digestion product after 24-hr hydrolysis was applied 
onto a Bio-Gel P2 column (2 X 200 cm). Other conditions were the same as in 
Fig. 1-5B. The digestion product wasdivided into two fractions consisted of 
high and low molecular fractions. 
Alkali-soluble glucan 
from small cells 
Alkali -insoluble glucan 
from large cells 
Degree of Polymerization. 









Extent of hydrolysis was expressed as percent low molecular sugar 
determined as glucose to total carbohydrate. 
















60 100 140 
Fracti on number 
Fig. 1-6. The Action of Zymolyase on Glucans. 
A : Bio-Gel P-2 column chromatography of hydroly. 
zate by the action of Zymolyase. The hydroly. 
zate (10 ml) was applied onto a column (2 X 200 
cm) and other conditions are the same as in Fig 
1-5. Vo， void volume; Gl， glucose; Gz， lamina-
ribiose; G3， laminaritriose;一一，insoluble glucan; 
一一ー .soluble glucan. 
B: Time-course hydrolysis of glucans. A 40-ml 
reaction mixture containing 50 mg of glucan and 
10 mg of enzyme in 0.2 M Tris-maleate buffer 
(pH 7.0) was incubated at 30'Cー Releaseof total 
sugar and reducing sugar was expressed as per-
centage of dry weight of glucan preparations. 0， 
soluble glucan; .， insoluble glucan.一一，total 
sugar contents determined with phenol-sulfric 
acid reagents; 一ーー ，reducing sugar contents de-







酵母 s-グルカ ンの構造解析のため，前述した 2種の
s-グルカナーゼによる酵素分解法とともに，有効な手
段と考えられるメチル化分析によって，大小細胞の細胞




れていた (Table1-11)_アルカリ不溶 βー グルカン画分
においては、酢酸処理によって得られたものは，大小細




















抽出によ って得た r マンナンのマンノース含量は，大
Table 1"':10. Oistribution of Glucose in the Polysaccharide Fraction of Zymolyase 










from smal cels 34.9 
Alkali-insoluble glucan 
from large cels 36.0 
a，.F-I(1，3-s) fraction shown in Fig.1-6A. 
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Table 1-11. Methanolysis Products of Methylated Glucans. 
Values are expressed as the amount of O-methyl D-glucose derivatives relative to the 
one of 2，3，4，6-tetra-methyl D-glucose. 
Molar ratios as glucose 
Soluble glucan Insoluble glucan 
Small Large Small Large 
a b a a a b 
Methyl glucose c d c d c 
2，3，4，6-Tetra- 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2，4，6-Tri- 8.5 16.9 7.8 7.5 15.6 12.1 10.2 15.3 
2，3，6-Tri 1. 7 0.0 1.5 1.4 0.3 1.7 0.4 0.0 
2，4-Di- 0.7 0.6 0.7 0.8 0.9 1.1 1.2 0.7 
a， Original glucan; b， insoluble polysaccharide obtained after endo-1， 6-s-glucanase 
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Fig. 1-7. Acetolysis Patterns of Mannans of Cell 
Walls from Small or Large Cells. 
Acetolysis of mannan was carried out as de. 
scribed in the text. Acetolyzates were applied onto a 
Bio-Gel P-2 column (2 X 200 cm) and other conditions 
are the same as Fig. 1-5. Ml， mannose; M2， man 
nobiose; M3， mannotriose; M4， mannotetraose，一一一，
small cels;ー ，ーlarge cells 
A : Alkali-extracted mannan. 
B : Buffer-extracted mannan 
シスによって， αー マンナン側鎖，特にマンノト リオー
ス及びテ トラオースの分解が著しく起こり，その結果，
側鎖がより短い傾向を示したと考えられた(Fig.1-7 B) . 
アルカ リ抽出 r マンナンでは，分解は 2日間で終了し，
分解後の回収率もほぼ100%で，より長い側鎖を有して
いた (Fig.1-7 A) . 
(2) マンナンの 1，2α マンノシダーゼによる分解







法によ る r マンナンは，クエン酸緩衝液抽出法による
rマンナンの約 2倍の 1，2-a-マンノシダーゼによる分
解率を示した.この分解産物を Bio-GelP-2カラムに
よってゲル液過した (Fig.1-9). V 0区分に溶出した
F-1 (フラクション No.59-72)を，再度 1，2α マンノ
シーダーゼで消化した場合，アルカリ及びクエン酸緩衝
液抽出の r マンナンは，いずれも全糖比で 5%が分解
され (Fig.1-9 B)，その未分解物を，アセトシス後，







Figure 1-10にアルカリ抽出法によ って得た rマンナ
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Fig. 1-8. Time-Course of the Hydrolysis of Man. 
nans by Acinetobacter 1，2-a-Mannosidase. 
A reaction mixture contained 200 mg of mannan 
and 0.2 mg of purified enzyme protein in 30 ml 
of 0.02 M phosphate buffer (pH 7.0). Incubation 
was carried out at 30.C. Release of reducing sugar 
was expressed as percentage of total carbohydrate. 
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Fig. 1-10. PMR Spectrum of Baker's Yeast Man. 
nans. 
The PMR spectra of mannans were obtained by 
using a JES-PS 100 spectrometer equipped with a 
temperature control unit， from 0.4 ml D20 solution 
containing 80 mg of mannan at 70t: with 
2，2-dimethy 1-2-silapentane-sulfonate as an internal 
standard. 
A : Mannan of cel walls from smal cells 
B : Mannan of cell walls from large cels. 
922 
100 140 
Fraction number (2 ，1) 
Fig. 1-9. Gel Filtration Profiles of the Digestion 
Products of Manrian by 1，2-α-Mannosi-
dase. 
The digestion products and acetolyzates of man. 
nan were applied onto a Bio-Gel P-2 column (2 X 200 
cm) and other conditions are the same as Fほ 1-5.
一一一，alkali-extracted mannan;ー ーー， buffer -extract. 
ed mannan. 
A : The degradation product of mannan indicated in 
the legend of Fig. 1-8. 
B : Redegradation product by mannosidase of F-l 
fraction shown in A. 
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Fig. 1-11. Elution Patterns from a 8io-Gel P-300 
Column of the Mannan Preparations 
A 2-ml solution containing 5 mg of mannan was 
applied onto a 8io-Gel P-300 column (3 X 34 cm). The 
column was eluted with water at a flow rate of 4 






























Table 1-12. Glucosamine Contents and Recovery of Glucan Preparations of Cel Wals from 
Smal and Large Cels. 
Glucosamine content was expressed as percentage of dry weight of each preparations. 
Small cel Large cel 
Yield Glucosamine Recovery Yield Glucosamine Reeovery 
content content 
(mg) (μg/mg) (%) (mg) (μg/mg) (%) 
Cel wal 1000 6 100.0 1000 34 100.0 
Soluble glucan 236 9 35.4 110 9 2.9 
lnsoluble glucan 
a 24 103 41.2 136 174 69.6 
b 66 59 64.9 155 159 72.5 
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Fig. 1-12. Amino Acid Composition of Glucans 
Amino acids were determined with a Hitachi 
KLB-3B amino acid analyzer after hydrolysis with 4 
N hydrochloric acid at 110"C for 16 hr.仁コ.small 
cells;_.la叩 cels.












Table 1-13. Stainability of Alkali-insolube Glucan with Brightener. 
Glucan preparations were suspended in Brightener 28 (Sigma) solution of the 
indicated concentrations for 5 min at room temperature. The suspension was 






Intensity of fluorescence 
Insoluble glucan preparation 












Symbols; very strong fluorescence + +十.strong + +. week but cleary 
discernible +. no fluorescence -. 
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酵母の生活環の細胞壁多糖とグルカナーゼ一一河東田 19 
Table 1-14. Glucosamine Content and Recovery of Glucan Preparations by Nitrite-treatment. 
20 mg of test sample in 50 ml of water are added to 20 ml of 0.45 M acetate buffer (pH 3.6) and 20 ml of 
0.4 % sodium nitrite solution. The reaction mixture is allowed to stand for overnight at room 
temperature. After centrifugation， the solution was siphoned off and the residue was washed. The 
residue was analyzed for the content of glucosamine. 
Non -treatment Nitrite-treatment 
Glucosamine Glucosamine 
Sample Content Recovery Sample Content Recovery 
(mg) (%) (%) (mg) (%) (%) 
Soluble glucana 32.3 0.91 100 14.7 0.71 35.5 
lnsoluble glucanb 49.7 13.3 100 20.6 11.8 38.4 
Prepared from small cel wall; b， Prepared from large cel wall. 
の機能を有するかを検討することを目的とした. Bacon エンドー 1，6-sー グルカナーゼ25)により消化させると，出
ら22) の方法に従い，パン酵母細胞をアルカリ及び酸処 芽痕のリング構造はほとんど消失し，電子顕微鏡で観察
理の 5回の繰返しにより，グルコサミン含量70.3%，グ されにくくなった(Fig.1-13). この結果から，リング構
ルコース13.7%の出芽痕標品を得た20) 出芽痕に含ま 造の形成には，キチンとともに s-1，6グルコシド結合
れる β グルカンは，メチル化分析の結果，次のメチル が深く関与していることが示唆された.
グルコース値を得た:2， 3， 4， 6-tetra-， 10.6% ; 2， 4， 








Fig. 1-13. Electron Micrographs of Bud Scar-rich 
Preparation and Endo-1，6-s-Glucanase 
Treated One. 
A : Bud scar-rich preparation obtained by 5 cycles 
of chemical treatment. 
B : Bud scar-rich preparation treated with 1，6-β 
glucanase. A 4 mlreactio日 mixturecontained 5 
mg of bud scar-rich preparation and 17μg of en 
zyme protein in 0.017 M phosphate buffer (pH 






















ノー スが， α マンナンとして回収されたのは，大型細
胞の細胞壁において約52%であり，小型細胞の細胞壁に

































る Zymolyase20 Tにより消化した結果 (Fig.1-6及び
Table 1-10)とメチル化分析の結果(Table1-11)を併せ
て考察すると，この画分の s-グルカンには，約10%の






































































また， Sietsmaと Wesseles57)は SchizoPhillumc側 ー
muneのアルカリ不溶かグルカンを亜硝酸処理するとキ

































リ可溶 βー グルカ ンを多く 含み，一方，種々の分裂令が
混在している大型細胞の細胞壁は，アルカリ不溶s-グ





















































S. cerevisiae FE -1株の栄養生長，スフェロプラス ト形
成及び胞子形成培養は，著者らがさきに示した方法制
に従い以下のように行った. 3.6%のトマトジュースを





0.2 M 2-メルカプトエタノール， 0.8M KC1， 25mM 
Tris-HClを含む溶液(pH7.5)で30.C，15分間処理した
後，遠心し(620Xg，5分)， 0.8M KClで洗浄した.細
胞は，その後，直ちに 750μg/mlの Zymolyase20 T (生
化学工業 K.K.)， 0.8 M KCl及び 25mM Tris-HClを含
928 

























多糖画分(4mg)を 2mlの水に懸濁し， 100.C， 5分間
の加熱，可溶化後，M/lO酢酸緩衝液(pH4.5) 2 mlを加え，
撹排した.その溶液に Rhizゆ~s sp.のアミログ リコシ
ダーゼ(エキソー1，4α グリコシダーゼ， EC 3. 2.1. 3， 













法に従い，標品 (10mg)を 1mlの水に懸渇し， 2M
NaN02 l.5 mlと2M HCl 0.5mlを加えた.室温に 4時
間放置後，残益は遠心(l5，000Xg，15分間)により集め，
グルコサミンの分析に供した 一方， HaseとMatsushi.










Table 2-1. Percent of Sporulation and Yield of Spore 
Wall during Sporulation in Spheroplasts. 
Incubation in sporulation medium 
(hr) 
1.胞子形成過程における胞子壁構成成分の変動 8 12 16 24 
(1) スフエロプラストによる胞子形成培養 Sporulation (%) 2.2 55.5 84.0 92.0 
栄養細胞及びスフエロプラス トによる胞子形成の経時 Yield of spore walホ 22.5 27.4 27.4 27.3 










10 20 30 40 
Time(hr) 
Fig. 2-1. The Kinetics during Sporulation. 
At intervals， samples withdrawn for the deter. 
mination of the percentage of asci by phase-contrast 
microscopy. After dialysis. samples of spheroplasts 
were colected for the subsequent determination of 
dry weight. 0， percentage of asci in spheroplasts; .，dry weight of asci inspheroplasts;ム.percen. 














Table 2-2. Chemical Composition of Spore Wall Prepara. 
tions. 
Values are expressed as % of dry weight of spore 
wals. 
Incubation in sporulation medium 
(hr) 
Component 8 12 16 24 32 48 
Glucose 33.1 30.8 30.9 29.3 32.0 37.8 
Mannose 4.7 6.6 6.6 6.4 5.4 3.1 
Glucosamine 8.5 8.7 9.0 12.1 11.0 8.7 
Protein 8.5 13.3 14.0 12.2 nd 9.3 
Uronic acid nd nd nd nd nd 2.6 
















の分画に用いた 1N KOH， 100.C， 30分間の処理を行い Bio-GelP-300を用いたゲル滅過によって，分子量40万





Table 2-3. Distribution of Glucose and Mannose by Hot 
Alkali -Extraction in Spore Walls. 




Spore wallキ 45.3 3.5 
Soluble in 
hot 1 N KOH 20.1 0.8 
hot 2 N HZS04 0.1 0.0 
Residue 0.2 0.0 
一Sporewall material was prepared after 48-hr incuba 
tion of sporulation medium and used for analysis after 
lipid-extraction. 
のため，同じ胞子壁標品について，より穏和な抽出方法





Table 2-4. Distribution of Glucose and Mannose by Cold 
Alkali-Extraction in Spore Walls 
Values are expressed as % dry weight of spore walls. 
Glucose Mannose Glucosamine Protein 
Spore wall 47.8 
Soluble in 
cold 1 N KOH 43.3 
Residue 2.2 
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Fig. 2-2. Gel Filtration Profiles of Cold Alkali-Solu. 
ble Fraction from Spore Walls of S. cere 
visiae FE-1. 
The spore wall preparation was incubated with 1 
N KOH at 30.C for 24 hr. One milliliter of the in-
cubation mixture contained 20 mg as dry weight of 
spore wall 一一一，carbohydrate concentration;ー ， 
protein concentration 
A : The soluble fraction was fractionated by chro. 
matography on Sephadex G-I00 (2.3 X 40 cm) 
The column was eluted with water at a flow rate 
of 8 ml/hr 
B : F-l fraction shown in A was applied onto a 
Bio-Gel P-300 column (2.8 X 40 cm). The column 
was eluted with water at a flow rate of 4 mllhr 
















Table 2-5. Yield and Carbohydrate Composition of Alka. 
li-Soluble Fraction from Spore Walls. 
lncubation time in sporulation medium 
(hr) 
8 12 16 24 
Yield本 43.8 51.4 50.2 45.6 
Composition 
Glucose 70.3 64.5 74.7 69.2 
Mannose 7.0 10.9 15.2 14.2 
* Values are expressed as % dry weight of spore walls. 
Table 2-6. Methanolysis Products of Methylated Alkali-
Soluble Fraction of Spore Walls. 
Values are expressed as the amounts of 0-methy1 








Incubation time in sporulation medium 
(hr) 
8 12 16 24 
1.0 1.0 1.0 1.0 
27.5 41.8 32.9 21.5 
6.1 8.4 11.8 5.4 
3.8 5.5 7.6 5.1 










Table 2-7. Yield of Alkali-Soluble Glucan and Alkali 
lnsoluble Residue of Spore Wall Prepara. 
tlOns. 
Values are expressed as % dry weight of spore walls. 




Incubation in sporulation medit日n
(hr) 
8 12 16 24 
30.8 40.3 37.4 35.6 







Table 2-8. Chemical Composition of Glucan Prepara. 
tlOns. 
Values are expressed as % dry weight of glucan 




















Incubation time in sporulation medium 
(hr) 
8 12 16 24 
85.7 88.4 85.1 86.9 
0.3 0.7 0.8 1.0 











Table 2-9. Methanolysis Products of Methylated Alkali-
Soluble Glucan of Spore Walls. 
Values are. expressed as the amount of O-methyl 
D-glucose derivatives relative to the one of 2，3，4，6 
tetra-methyl D-glucose. 
Incubation time in sporulation medium 
(hr) 
Methyl glucose 8 12 16 24 
2.3.4.6-Tetra- 1.0 1.0 1.0 1.0 
2，4，6-Tri 27.4 41.0 32.7 21. 9 
2.3.4-Tri- 3.4 6.0 7.5 5.1 
2.4-Di- 1.6 2.1 2.3 1.2 
H 
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Fig. 2-3. Enzymic Hydrolysis of Spore Glucan and 
Pustulan by Endo-1βs-Glucanase. 
A 30-ml reaction mixture containing 10 mg of sam. 
ple and 0.17 mg of enzyme protein in 0.017 M phos-
phate buffer (pH 5.5) was incubated at 30.C. 
A : Time-course of hydrolysis. The release of total 
sugar (0) and reducing sugar (・)was ex 
pressed as percentage of dry weight of spore 
glucan. 
B : The digestion products after 16-hr incubation 
were applied onto a Bio-Gel P-4 column (2.2 X 
190 cm) and eluted with water at a flow rate of 4 
mllhr. 4-ml fractions were collected. VO. void 
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Fig. 2-4. Gel Filtration of Endo.-1.6-s -Glucanase 
Hydrolyzate of Glucan from Spore Walls 
。fS. ceγ'evisiae F E -1.
A 40-ml reaction mixture containing 50 mg ofsam-
ple and 0.17 mg of enzyme protein in 0.017 M phos-
phate buffer (pH 5.5) was incubated at 30.C . The 
digestion products after 16-hr incubation were ap 
plied onto a Bio-Gel P-300 column (2.8 X 40 cm) and 
eluted with water at a flow rate of 4 mllhr. 5 
















Table 2-10. Chemical Composition of Alkali-lnsoluble 
Residues of Spore Walls. 
Values are expressed as % dry weight of alkali -insolu 






Incubation time in sporulation medium 
(hr) 
8 12 16 24 
19.8 25.2 15.4 9.2 
2.7 1.3 1.6 0.7 
31.3 37.2 44.2 42.5 

























Table 2-11. HN02 Degradation of Glucosamine Polymar in Spore Walls and Alkali-Insoluble 
Residues of Spore Wall. 
Glucosamine was determined as described previously68) and normalized to the glucosamine 
content of untreated samples. 
Glucosamine (%) 
Spore wall Alkali -insoluble residue 
of spore wal 
lncubation time in sporulation medium 
(hr) 
8 12 16 24 8 12 16 
Untreated 100 100 100 100 100 100 100 
A 19.2 18.9 17.5 17.9 6.9 4.6 3.2 
B 15.4 14.6 14.4 17.0 nd nd nd 





B : Using a modification of the method of Hase and Matsushima42) ， conditions are the same as in 
Table 1-14. 










































































鎖のpグルコ シド結合が主要で、あった. しかし.s-1， 
3-グルカンの仲介構造である直鎖のs-1，6グルコシド
結合が，細胞壁 s-グルカンに比べ， 直鎖数は短いが，






































































































に含まれる βー グルカンと異なって， 1 N KOHによ り，
20.Cで容易に抽出された(以下，このpグルカンを冷ア
ルカリ可溶 βーグルカンと略す).栄養細胞の細胞壁中の









Soluble Fractfon Insoluble Fractio~ 
Fig. 3-1. Fractionation of Spore Wal Polysaccha-

















グルカナーゼである Zymolyase100T (生化学工業 K.K.) 
を用いた.s-グルカン標品(10mg)を8mlの 0.02Mリ
ン酸緩衝液 (pH7.0)に懸濁し 2mgの Zymolyase100 
























































































T 1門E( Hours ) 
Fig. 3-3. Kintics of Germination 
GNS-Medium 
Spores were germinated in GNS-medium at 30.C. 
The broken line represents percentage of germina 
tion in the case of 4 % glucose only (企).O. percen 
tage of germinatio日;e， percentage of budding cells; 
ム，dry weight of cells. 































Incubat10n t1me (hr) 
Fig. 3-2. Kinetics of Germination and Outgrowth 
of Spores and Asci of S. cerevisiae FE-l. 
The spores or asci were germinated and outgrown 
in a modified Burkholder's synthetic medium with 
4 % glucose as a carbon source. 
A : Time course of germination and outgrowth of 
spores and asci. 0， percentage of germination of 
spores; e， percentage of germination of asci;⑧， 
percentage of budding cells of spore and asci 
B : Time course of absorbance and dry weight of 
spore and asci during incubation in germination 
mediumム， light absorbance of spore;企， light 
absorbance of asci;口， cell dry weight of spores; 
圃 celdry weight of asci 
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Fig. 3-4. Changes in the Sugar Composition of the 
Germinating Wall during lncubation in 
Germination Media 
Spores were germinated in Burkholder's medium 










Table 3-1. Lipid Fractions during Germination and Outgrowth in Modified 
Burkholder's Medium. 
Values are expressed as % dry weight of wall. Lipids were isolated by the 
extraction procedure of Bartnicki-Garcia and Nickerson30). 
Time in germination medium 
(hr) 
O 1 2 3 4 5 
Soluble in 
Ethanol +ether 14.1 6.3 5.1 5.0 4.4 3.0 
Chloroform + methanol 1.2 0.4 0.8 0.4 0.5 0.5 
Acidified ethanol + ether 2.7 0.3 0.8 0.9 1.0 1.5 
Total Iipid 18.1 7.0 6.7 6.3 5.9 5.0 
Table 3-2. Chemical Composition of Cell Well during Germination 
and Outgrowth in B-medium. 
Values are expressed as % dry weight of wall. 
Time in germination m~dium 
(hr) 
Component 。 1 2 3 4 5 
Glucose 46.8 34.4 44.6 40.4 39.0 38.3 
Mannose 3.4 11.6 12.2 14.6 17.5 22.2 
Glucosamine 11. 7 5.2 6.3 4.8 4.5 4.3 
Protein 12.0 6.5 7.3 7.5 6.7 6.1 
る出芽によるキチンの増加を反映しているものと思われ 多糖に対する影響を調べるために，脂質抽出後の B滑
るため，キトサンとキチンの分離定量を試みる必要があ 地による発芽過程における細胞壁の構成糖及び蛋白質含
る. GNS-培地で発芽させた場合(Fig.3-4 B) ，胞子壁に 量を分析した.その結果を Table3-2に示す.脂質抽出
含まれるグルコース，マンノース及びグルコサミンは， 前の結果(Fig.3-4)と同様に，グルコース含量は，培養




















Table 3-3. Chemical Composition of Cell Wall during 
Germination in GNS-medium. 





Time in germination medium 
(hr) 
O 1 3 5 
46.5 34.2 39.0 38.5 
3.5 10.5 11.2 12.0 


























Fig. 3-5. Carbohydrate Contents of the Fractions 
from Germinating Wal during Germina-
tion and Outgrowth in s-medium 
A: Glucose content 
s : Mannose content 







































Table 3-4. Yields of Glucan. Mannan and Alkali-lnsoluble Residue in Cel Wals of 
Germinated Spore during Incubation in Germination Media. 
Values are expressed as % dry weight of walls. 
Time in germination medium 
s-medium GNS-medium 
(hr) (hr) 
O 1 3 5 3 5 
28.0 13.0 16.0 19.5 17.0 18.5 
1.6 2.1 8.2 9.5 4.1 4.0 






Table 3-5. Carbohydrate Composition of Glucan during Incubation in Ger 
mination Media. 
Values are expressed as % dry weight of glucan fraction. 




Glucose 62.5 52.0 
Mannose 0.0 0.0 
Glucosamine trace trace 





















3 5 3 5 
43.8 43.5 50.5 55.0 
0.5 0.7 0.2 0.5 
trace trace trace trace 





















Table 3-6. Carbohydrate Composition of Alkali-Insoluble Residue during 
lncubation in Germination Media. 
Values are expressed as % dry weight of alkali-insoluble residue. 
Time in germination medium 
B-medium GNS-medium 
(hr) (hr) 
Composition O 1 3 5 3 5 
Glucose 16.7 27.0 35.5 43.8 29.5 29.5 
Mannose 1.0 1.0 1.8 2.4 1.2 1.0 
Glucosamine 18.6 12.8 17.5 14.8 12.7 12.9 
Protein 15.2 11. 2 4.9 6.0 11.3 11.1 
940 
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Table 3-7. Methanolysis Products of the Methylated Alkali-Soluble Glu-
can of Wals during Incubation in Germination Media. 
Values are expressed as the amount of O-methyl D-glucose derivatives 
relative to the one of 2，3，4， 6-tetra-methyl D-glucose. 
Incubation time in germination medium 
B-medium GNS-medium 
Methyl glucose O 
2，3，4，6-Tetra- 1.0 1.0 
2，4，6-Tri- 10.4 13.7 
2，3，4-Tri- 2.3 0.9 











3 5 3 5 
1.0 1.0 1.0 1.0 
14.7 21. 7 29.1 22.1 
0.5 0.5 1.5 1.2 
0.4 0.5 0.7 0.8 
50 1 
T imt (Hou円)
Fig. 3-6. Changes in the Levels of s -1，3-Glucan 
Present in the Alkali-Soluble Glucan and 
Alkalj-Jnsoluble Glucan during Incuba-
tion in Burl王holder'sMedium 
Glucose contents were calculated as the dry 
weight of alkali-soluble glucan and alkali-insoluble 
glucan. Analysis of the s-1，3-g1ucan contents of the 
alkali-soluble glucan and alkali-insoluble glucan was 
performed after treatment with Zymolyase 100T. 
The hydrolysis products were separated by chroma-
tography on Bio-Gel P-4. To determine the amount of 
s -1，3-g1ucan， the oligosaccharide and glucose frac-
tions were analyzed by gas chromatography. The 
amount of s -1，3-g1ucan was determined as the 
amount of glucose. 
A: Glucose (0) and s-1，3-g1ucan (e) contents of 
alkali-soluble glucan 
B : Glucose (0) and s-1，3-g1ucan (・)contents of 






ナーゼを含まない高い純度のエン ドー 1， 3-sーグルカナー






芽培養開始後，培養 1時間目までに s-1，3ー グルカンの
割合は増加しその後，アルカリ可溶Fグルカンの減







い増加を示した (Table3-7，Fig. 3-6及び Fig.3-7). 
一方， GNS-培地で培養した場合，アルカリ可溶 βーグ




の増加を示した (Fig.3-7). その増加は，主に β-1，3-グ
941 
。






T i m e (Hours) 
Fig. 3-7. Changes in the Levels of s -1，3-Glucan 
Present in the Alkali-Soluble Glucan and 
Alkali-Insoluble Glucan during lncuba-
tion in GNS-Medium. 
The conditions of analyses are the same as Fig 
3-6 
A : Glucose (0) and s-1，3-g1ucan (・)contents of 
alkali-soluble glucan 
B : Glucose (0) and s-1，3-g1ucan (・)contents of 
















































































































































第3章で示したと問様に S. cerevisiae FE -1株の栄
養生長培養，胞子形成培養を行い，エンド 1ー，3-s-グル
カナーゼである Zymolyase20 Tによる子のう壁消化後，







































ルカナーゼであるとした.酵素活性の 1単位は， 1，3-β 













。 12 24 
Incubation time 
(hr) 
Fig. 4-l. Solubilization of Ce¥l Wall Carbo.hydrates 
durihg Autolysis of Ce¥l Walls from 
Small or Large Cells of S. cerevisiae FE-1. 
Cel walls (10 mg/ml) were autolyzed in 0.1 M suc 
cinate buffer (pH 5.0) at 30t. After appropriate time 
intarvals， samples were removed and centrifuged， 
and the concentrations of total carbohydrate (0) 
and of reducing sugar (・)solt出 lizedin the super. 





ルのグルコースが，エキソ βー グルカナーゼでは 1μ モ 3倍であった.いずれの場合も，全糖に対する還元糖の
ルのp-ニトロフェノールが1分間に溶出するために必 溶出の割合が少ないことから，エンド-s-グルカナーゼ
要な酵素量とした.以下，酵素活性測定に関しては，特 活性の関与が大きいことが示唆された.細胞壁多糖は，





1.大小細胞の細胞壁に存在する pーグルカナーゼ活 1， 3-s-グルカナーゼ活性に差は認められなかったが，1， 
性の変動 6-s-グルカナーゼ活性は，小型細胞の細胞壁において
細胞壁は， 0.01 M コハク酸緩衝液に懸濁し， 30.Cで 高い活性を示した.このことは，小型細胞の細胞墜に含



















Incubation time (hr) 
Fig. 4-2. Solubilization of Spore Wal Carbohy. 
drates and Protein during Autolysis of 
Spore Wall of S. cerevisiae FE-l. 
Spore wals (1 mg/ml) were autolyzed in 0.1 M 
succinate buffer (pH 5.0) at 30.C. After appropriate 
time intarvals. samples were removed and centri 
fuged， and the concentrations of total carbohydrate 
(0) and of reducing sugar (・)and protein (ム)
solubilized in the supernatant were determined. 
Spore walls were preparated after 8-(A)， 12-(B) and 
16-hr (C) incubation in sporulation medium 








































































































Wall autolyzate * 
Laminaran Pustulan 












* Spore wall preparations were autolyzed for 16 hr. The solubilyzed enzyme is measured in the 


































10 20 30 
Incubation time (hr) 
Fig. 4-4. s-Glucanase Activities of Cell-Free Ex 
tracts from Whole Cells of S. cerevisiae 
FE-1 during Sporulation 
Specific activity towards pNPG (0) and lamina 

































Incubation time (hr) 
Fig. 4-3. s-Glucanase Activities of Cell-Free Ex 
tracts from Spheroplasts of S. ceγ'evtstae 
FE-1 during Sporulation. 
Specific activity towards pNPG (ム)• laminaran 









養細胞の細胞抽出液(培養 O時間の抽出液. Fig.4-5A) 
においては. DEAE-Sephadex A -50のカラムに吸着し






































































































Table 4-3. Relative Activity on pNPG of Exo-Glucanases 
from S. ce陀visiaeFE-1 during Incubation in 
Sporulation Medium. 
These values were calculated from the percentage of 
the total activity of exo-glucanase 1 atO-hr incubation in 

















10 20 30 
Fract10n No. (6国1)
Fig. 4-5. DEAE-Sephadex A -50 Chromatography 
of 1，3-s-and Exo-s-Glucanase from Cell-
Free Extracts from Whole Cells of S 
cerevisiae FE-1 during Sporulation 
Crude enzyme was precipitated with ammonium 
sulfate and dialyzed against water. The enzyme solu 
tion was applied onto a DEAE-Sephadex A -50 col 
umn (1.5 X 49 cm) previously equilibrates with 30 mM 
aminomethane-HCI buffer (pH 7.25) and eluted with a 
linear gradient from 0 to 1 M NaCI in the same buf-
fer. The enzyme solution applied onto each column 
were the O-hr extracted (A)， the 6-hr extracted (8)， 
the 12-hr extracted (C)， and the 24-hr extracted (D). 
Glucanase activity towards pNPG (0) and lamina-
ran (・) 司ーー， protein concentration; ・， NaCI 
concentration. 
。o 
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Fig. 4-6. Solubilization of Wall Carbohydrates and 
Exo-s -Glucanase Activity during Auto 
lysis of Germinated and Outgrown Walls 
of S. ce陀机siaeFE-1 
Germinated and outgrown walls (10 mg/ml) ~ere 
autolyzed in 0.1 M succinate buffer (pH 5.0) at 30.C. 
After appropriate time intarvals， samples were re. 
moved and centrifuged， and the concentrations of 
total carbohydrate (0)， reducing sugar (e)， and 
exo-s-glucanase (ム)solubilized in the supernatant 
were determined. Germinated and outgrown walls 
were preparated before incu bation (A)， and after 1-








Table 4-4. Summary of the Properties of the Exo-s-Glucanases. 
Exo-s-glucanase 1 and I examined were purified by DEAE-Sephadex A -50 column and Sephadex 


















Alkali-insoluble glucan was prepared from cel walls of S. cerevisiae FE-1. 









の後わずかに減少し転移酵素の存在が示唆された.発 もに減少し， 1， 3-β 及ーび 1，6-s-グルカナーゼ活性は，
芽培養 1時間目 (発芽率約12%)においては，胞子皇室及び 発芽が完了する培養3時間固まで引続き減少し，その後
細胞壁から溶出される全糖及び還元糖は著しく減少し， 再び増加した.エキソ-s-グルカナーゼ活性は，培養 1


























Incublt10n TI.e I hr') 
Fig. 4-7. Solubilization of Wal Carbohydrates and 
Exo-s -Glucanase Activity during Auto. 
lysis of Germinated Walls of S. cerevisiae 
FE-1 
Germinated walls were preparated after 1-hr (A)， 
3-hr (B) and 5-hr (C) incubation in GNS-medium. 
Symbols and other conditions were the same as 
those shown in Fig. 4-6. 
43 
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Fig. 4-8. s -Glucanase Activities of Cel-Free Ex. 
tracts during Incubation in Germination 
Media of Spores of S. cerevisiae FE-1 
Spores were germinated in modified Burkholder's 
medium (A) or GNS-medium (B). Specific activity to. 
wards pNPG (ム)，laminaran (0) and pustulan (・)


















活性の変動 目ではカラムに未吸着部分の活性は減少し.NaCl 0.5 M 
胞子の発芽及び発芽後生長過程における細胞内に存在 付近の著しく高い活性が認められた.この酵素の分離精
するかグルカナーゼ活性の変動を調べた.胞子の発芽及 製過程において，細胞抽出液に認められたパスツランに
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10 15 20 
Fraction No. (5 m1) 
Fig. 4-10. Sephadex G-100 Column Chromatography 
。fGlucanase I from Cell-Free Extracts 
during Germination in Modified Burkhol. 
der's Medium. 
The pooled enzyme fractions from OEAE-Sephadex 
A-50 column (see Fig. 4-9， fraction No. 60-80) were 
applied onto a column (1.8 X 40 cm) of Sephadex 
G-100 equilibrated with 0.01 M succinate buffer (pH 
5.5). The column was eluted with the same buffer 
The flow rate was 8 ml/hr. Glucanase activity to 
wards pNPG (0) and laminaran (・).一一， protelll 
concentratlOn. 
The enzyme preparations applied onto each col. 
umn were obtained from 1-hr germinated spores (A)， 
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Fig. 4-9. OEAE-Sephadex A-50 Chromatography of 
Exo-s -Glucanase from Cell-Free Extracts 
during Germination in Modified Burkhol 
der's Medium 
Crude enzyme was precipitated with ammonium sul 
fate and dialyzed against 0.01 M succinate buffer (pH 
5.5). The enzyme solution was applied onto a 
OEAE-Sephadex A-50 column (1.8 X 40 cm) previously 
equilibrates with the same buffer. The flow rate was 5 
ml/hr. Glucanase activity towards pNPG (0) and 
laminaran (e) . protein concentration; 
・ー， NaCl concentration 
The enzyme solution applied onto each column were 
obtained from the spores (the O-hr germinated spores) 
(A)， the 1-hr germinated spores (B)， the 3-hr germi. 


















Table 4-5. Glucanase Activities of the Fractions from DEAE-Sephadex 
A -50 Chromatography Assayed with Various Substrates. 
Glucanase activity (!J/mg protein) 
Effluent from DEAE-Sephadex 
s-Glucanase ]' s-Glucanase 1' 
Incubation time in modified Burkholder's medium 
(hr) 
Substrate O l 3 3 5 
Laminaran 1.2 3.3 7.7 10.2 37.1 271.0 
Reduced laminaran 0.0 0.0 0.0 0.1 20.1 291. 5 
pNPG 8.6 10.2 3.9 18.7 46.1 56.1 
Spore glucan. ND ND 6.5 ND 38.6 307.0 
Cell wall glucanb 
Alkali -soluble ND ND 0.0 ND 16.4 173.5 
Alkali-insoluble ND ND 0.0 ND 0.0 37.0 
• Spore glucan was prepared from spore wall of S. cerevisiae FE-1. 
b Cell wall glucans were prepared from cel wall of baker's yeast40). 






Table 4-5で示したそれぞれの pグルカナーゼl' 1 ml当りのユニットで示した (Table4-6) . sグルカナー
を，さらに SephadexG-100でゲ、ルI慮、過を行った.発芽 ゼI'-1は，酵母細胞壁 β グルカンに作用し，いずれ
を開始する培養 1時間目では，活性の低い 1つの画分で の培養時間から調製された酵素も， 1 ml当りの活性は
あったが，培養3時間目及び5時間目では 2つの画分が ほぼ同じであったが，sグルカナーゼl'-Iは，酵母細
得られ，pNPGとラミナランにほぼ同様な活性を示した 胞壁 Fーグルカンには作用しなかった.この 2つの培養
(Fig. 4-10).培養3時間目及び5時間日の函分について 時間において，s-グルカナーゼl'-1はほとんど変化し
Table 4-6. Glucanase Activities of Fractions from Sephadex G-100 Chromato. 




Cell wall glucan. 
Alkali-soluble 
Alkali-insoluble 
Glucanse activity (U/ml) 
Effluent from Sephadex G-100 
βGlucanase 1'-1 s-Glucanase 1'ー1
Incubation time in modified Burkholder's medium 
(hr) 
3 5 3 5 
2.38 2.74 1.04 3.93 
1. 58 2.10 0.40 2.47 
0.24 0.31 0.00 0.00 
0.84 0.87 0.00 0.00 
• Cell wall glucans were prepared from cel wall of baker's yeast40). 
951 
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なかったが，sー グルカナーゼl'-Iはその活性の変動が 胞子細胞内 pー グルカナーゼについては，胞子形成過
認められ，発芽後生長の進行に伴って増加したことから， 程を通して動的に変動する酵素が， DEAE-Sephadex 





































































































































Fig. 5. Temporal Relationship of Events during the 
Life Cycle of S. ce陀vtstae.
The duration of the periods of decrease (D) and 
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